Summary. Immature rats were treated with PMSG followed 56 h later by 10 i.u. hCG. Follicles were removed at intervals after hCG injection. Transient increases in progesterone, testosterone and oestradiol synthesis were first evident 1 h after hCG, but values peaked at 3\p=n-\5h and returned to control levels by 10 h. Increased synthesis of PGE-2 and PGF-2\g=a\was not evident until 3 h and peaked at more than 10 h after hCG. Ovulation began between 8 and 10 h after hCG and 83% of animals had ovulated within 12 h. Doses of90 or 1800 \ g=m\ g indomethacin given together with hCG substantially inhibited ovulation and PG synthesis, but only the higher dose inhibited the hCG-induced elevation of progesterone and testosterone synthesis; hCG-induced oestradiol synthesis was not affected by either dose of indomethacin.
Introduction
Alterations in the ovarian follicle synthesis of cAMP, steroids, prostaglandins, ovarian weight and ovarian hyperaemia take place after gonadotrophin stimulation LeMaire et al, 1975; Shaefer & Weidenfeld, 1975; Armstrong et al, 1976) .
Each of these factors may play a role in processes culminating in ovulation, which is a highly synchronized event of many inter-dependent parts. Prostaglandins (PG) appear to have a mandatory role in rupture of follicles, acting directly or modulating the effects of other hormones LeMaire et al, 1973 LeMaire et al, , 1975 .
Ovulation blocked by indomethacin can be restored by exogenous PGs (Tsafriri et al, 1973; Wallach et al, 1975) . However, whether PGs are involved in steroidogenesis or if steroidogenesis is an obligatory step in the ovulation process are considered unlikely because indomethacin prevents ovulation without affecting luteinization of follicles and steroid production O'Grady et al, 1972) . These results were, however, questioned by Mori et al. (1980) who suggested that PGs mediate the actions ofhCG on ovulation through two mechanisms which operate at different stages of the preovulatory process. They showed that, in rats treated with PMSG and hCG, the minimum effective dose of indomethacin (90 µg) which blocked ovulation when administered simultaneously with hCG also abolished the hCG-induced elevation of plasma progesterone and testosterone concentrations which peaked at about 3 h; the oestradiol surge was not affected. As the time after hCG elapsed, administration of 90 µg indomethacin was less effective at inhibiting ovula¬ tion, yet much higher doses of indomethacin would still block ovulation even when given 10-11 h after hCG. Mori et al. (1980) suggested that the initial steroidogenesis was a sensitive response to small increases in concentrations of PGs and was blocked by small doses of indomethacin, whereas closer to ovulation a direct effect of PGs on the follicle resulted from exposure to high concen¬ trations and required large doses of indomethacin to block it. These conclusions were drawn from data in which PGs were not measured and ova were collected only at a single time (18 h) In a second series of experiments, rats treated with PMSG were injected with hCG or hCG plus 90 pg indomethacin per rat. Steroid synthesis was assessed in follicles removed 3 h after treatment and PG synthesis in follicles removed at 8 h.
Radioimmunoassays
Prostaglandins. PGE-2 and PGF-2a were assayed largely as published by Hillier et al. (1985) and modified as follows.
The content of PGE-2 and PGF-2a in 0T and 0-2 ml of appropriately diluted Krebs' solution was measured by radioimmunoassay without extraction or purification. Previous tests showed that the antisera utilized to measure PGE-2 and PGF-2a exhibited low cross-reactivities to most other major PGs containing 2 double bonds and their metabolites.
Prior experiments had also confirmed (data not shown) that extraction of the Krebs' incubate with ether or by purifying on octadecasilyl silica columns according to the method of Powell (1980) gave estimates of PGE-2 and PGF-2CC that were not significantly different from those in unextracted Krebs' solution. The intra-assay coefficient of variation (n = 6) was 7-9% (PGF-2a) and 10-2% (PGE-2) and the interassay coefficient of variation (n = 8) was 9-1 % (PGF-2a) and 9-7% (PGE-2).
Protein was assayed in digested tissue by the modified method of Lowry et al (1951) . Steroids. Steroid concentrations in duplicate ether extracts of 100 pi Krebs' incubate were determined using antisera raised in New Zealand White rabbits against progesterone-11-carboxymethyloxime-BSA, testosterone-11-carboxymethyloxime-BSA or oestradiol-6-carboxymethyloxime-BSA (antigens were obtained from Steraloids Inc., Wilton, NH, U.S.A.). The antisera had titres of 1:8000, 1-8000 and 1:22 000, respectively.
The minimum sensitivity of the progesterone antiserum was 2 10"13 mol/tube; it had a cross-reactivity of 5% with 20a-dihydroprogesterone, 2% with pregnenolone and < 1% with other steroids. The intra-assay coefficient of variation (CV) was 6-5% and the inter-assay CV was 12-2%.
The minimum sensitivity of the testosterone antiserum was 2 10"13 mol/tube; it had a cross-reactivity of 50% with dihydrotestosterone, and < 1 % with other steroids. The intra-assay CV was 6-9% and the interassay CV was 11%.
The minimum sensitivity of the oestradiol antiserum was 5 IO-14 mol/tube; it had a cross-reactivity of 35% with oestrone, 5% with oestriol and < 1% with other steroids. The intra-assay CV was 8-9% and the inter-assay CV was 14-9%.
For all the assays, the extracted steroid or standards was incubated for 3-4 h with the antiserum and tritiated label ([l,2,3,4-3H] 
Results
Time of ovulation after hCG Table 1 shows that at 8 h after hCG no animals had ovulated but at 10 h 50% of the animals had ovulated with 3-6 ± 0-1 ova shed per ovulating rat. By 12 h 83% had ovulated with 10-8 + 0-9 ova released per ovulating rat. Effect ofhCG and hCG plus 1800 pg indomethacin on synthesis of PGs and steroids by ovarian follicles Table 2 shows that hCG-injection resulted in a significant increase in the follicular synthesis of PGE-2 and PGF-2a. There was a time lag of 1-3 h after hCG before PG synthesis increased. The greatest increment in PG synthesis occurred between 5 and 8 h after hCG and peak synthesis occurred around 10 h, when the first ova were shed. Between 5 and 8 h PGF-2a accumulation increased about 2-5-fold while that of PGE-2 increased about 5-fold. PGF-2a synthesis exceeded PGE-2 synthesis up to 5 h after hCG but at 8 and 10 h PGE-2 accumulation exceeded that of PGF-2a accumulation (P < 001). By 24h both PGs had returned to basal levels of synthesis. Indomethacin (1800 µg) decreased PG synthesis markedly although suppression was not complete, particularly from 5 to 10 h after hCG. At 18 and 24 h after indomethacin plus hCG, PG synthesis was not different from that after hCG treatment alone. Table 3 shows the synthesis of progesterone, testosterone and oestradiol in incubates of follicles after hCG or hCG plus indomethacin: hCG stimulated the synthesis of all the steroids measured and the peak of stimulation was at about 3 h. The relative degree of stimulation was progesterone > testosterone > oestradiol. The stimulation of synthesis had substantially declined by 10 h after treatment. Indomethacin (1800 µg) inhibited the hCG-induced increases in progesterone and testos¬ terone at 3 and 5 h ( < 001). The percentage decrease at 3 h was 15% for progesterone and 37% for testosterone, and at 5 h was 17% for progesterone and 29% for testosterone. The oestradiol synthesis induced by hCG was not influenced by indomethacin.
In the second series of experiments (n = 6) 90 µg indomethacin did not alter hCG-induced steroid synthesis by follicles harvested after treatment (data not shown). PGE-2 and PGF-2a synthesis under the influence of 90 µg indomethacin fell from 8292 + 817 and 5079 + 390 to 938 + 248 and 898 + 183 pmol/mg protein respectively.
Discussion
These data confirm the widely reported facts that hCG administration to PMSG-primed immature rats sets in motion a chain of events within the follicle that lead to ovulation. However, it is less certain whether the attendant changes in steroidogenesis and prostaglandin elevation and follicular rupture are in any way inter-dependent with one event obligatorily determining another.
We could not support the claim of Mori et al (1980) that the early hCG-induced steroidogenic response was a sensitive PG-dependent process. The high dose of indomethacin inhibited PG syn¬ thesis substantially at all times (Table 2) and, although significant, inhibited progesterone synthesis by <20% and testosterone synthesis by <40%. Moreover, the low dose of indomethacin (90µg) also resulted in a substantial inhibition of PG synthesis (89% for PGE-2 and 83% for PGF-2a) without significantly affecting steroid synthesis. The inhibitory effect of 1800 µg indomethacin on progesterone and testosterone synthesis was also considerably less in this study than in that of Mori et al. (1980) .
A comparison of the time profile of response of PG and steroids to hCG indicates marked differences. At 1 h after hCG all steroids in the incubates were significantly increased but raised prostaglandin concentrations were not significant until 3 h after hCG The inhibition of steroido¬ genesis by high doses of indomethacin is therefore probably due to factors other than inhibition of synthesis of PGE-2 and PGF-2a synthesis. Although in this work we have made no attempt to show that the hCG-induced increase in PG synthesis is independent of the elevation in steroid synthesis, others have shown this to be so (Armstrong et al, 1976) .
Assessment of the number of rats ovulating 18 h after hCG (10 i.u.) and the number of ova shed per rat (1980) . Our results also show that release of ova began abruptly betweeen 8 and 10 h after hCG (no ova were present at the 8-h time point), and by 10 h 50% of animals had begun to ovulate. Between 10 and 12 h almost all had started to ovulate and the majority of ova were shed at this time.
The incontrovertable effect of indomethacin on ovulation blockade clearly suggests that PGs are implicated in the process. Of the many PGs or lipoxygenase-dependent products of arachidonate metabolism that may be involved in ovulation we have measured only two, PGE-2 and PGF-2a. We have shown in sequential studies ( (1980) showed that 1800 µg indomethacin will actively inhibit ovulation even when given 12-13 h after hCG. By this time the majority of rats in our study had ovulated and the peak of PGE-2 and PGF-2a synthesis had also occurred. Because Mori et al (1980) did not measure PG synthesis at different times after hCG and did not assess the precise timing of ovulation, it is not possible to conclude whether the effects they observed were due to PG inhibition or perhaps to an effect unrelated to PGs. Espey & Coons (1976) have shown that indomethacin inhibits collagenolytic activity in rabbit follicles. They were able to discount an effect of PGE-2 on collagenolytic activity, but it may be that other prostanoids are involved in this aspect of follicular rupture rather than the mechanism of action of indomethacin not involving inhibition of prostaglandin synthesis. There is also some evidence that indomethacin will inhibit protein synthesis (Reeds & Palmer, 1983) 
